Introduction {#Sec1}
============

Hormone replacement therapy (HRT) is recognized as an effective treatment for alleviating the climacteric symptoms of menopause such as hot flushes, sleeping disturbance, depressive mood, muscle and joint pain \[[@CR1]\]. Large clinical trials showed that use of HRT prevents bone loss and decreases risk of osteoporosis and bone fractures in menopausal women \[[@CR2], [@CR3]\]. The most common HRT regimens are: estrogen alone, combined estrogen plus progestin (E + P) either as continuous estrogen plus progestin (CEP) or sequential estrogen plus progestin (SEP) \[[@CR4]\]. For many years, HRT was used widely to improve the quality of life of menopausal women. However, after the results from two large population-based studies, the Women's Health Initiative (WHI) study in the United States in 2003 \[[@CR5]\] and Million Women Study (MWS) in the Unites Kingdom in 2003 \[[@CR6]\] showing that HRT use increases risk of breast cancer and cardiovascular disease, the long-term benefits and potential adverse effects of HRT on menopausal women were reconsidered. After the results from these two studies, new guidelines concerning amount, types, and duration of HRT for menopausal women were released, leading to a decline in use of HRT along with a reduction in the rates of breast cancer incidence by 6.7% among American women. After 2003, dramatic decline in HRT consumption and breast cancer incidence were recognized as the consequence of the findings from WHI and MWS studies \[[@CR7]\].

Mammographic density (MD) is a very strong predictor for breast cancer risk \[[@CR8]\]. MD refers to the amount of radiologically dense breast consisting of epithelial or stromal tissue that appears light on a mammogram, whereas fat tissue appears dark on a mammogram \[[@CR9]\]. There are different methods for measuring MD including percent mammographic density (PMD), Breast Imaging Reporting and Data System (BI-RADS), and Wolfe \[[@CR10]\]. Women with very dense breasts (\> 75% density in the breast) have a four to six times greater risk of breast cancer than women with little density (\< 5% density) or fatty breasts \[[@CR8], [@CR9]\]. Previous studies suggested that MD is influenced by several exogenous hormones which are known to influence breast cancer risk thus, MD is known an important surrogate marker for the effects of exogenous hormones on the risk of breast cancer \[[@CR11], [@CR12]\]. This review used a systematic approach to explore the association between HRT use and MD. Furthermore, we investigated the effect of different HRT exposure states (never, former, current use) as well as different HRT regimens on MD.

Methods {#Sec2}
=======

Inclusion and exclusion criteria {#Sec3}
--------------------------------

Studies included in this review met the following criteria: original research in peer-reviewed journals, full-text available online, a randomized controlled trial (RCT) as the study design, a cohort (prospective-cohort or retrospective cohort), a case--control, or a cross-sectional with a clear description of the samples and methodology, and articles available in English language. We focused on studies that examined the associations between HRT use and MD. Additionally, the MD assessment criteria in the studies had to be based on either Wolfe, PMD, or BI-RADS category. We excluded any descriptive manuscripts which did not have the focus on the association between HRT and MD.

Search strategy {#Sec4}
---------------

Epidemiological studies from July 2002 to 2019 were retrieved from the following databases: PubMed Central (US National Institutes of Health \[NIH\]), OVID, and Embase using the following combinations of MeSH terms: "hormone replacement therapy", "postmenopausal hormone replacement therapy", "estrogen-progestin hormone replacement therapy", "combined hormone replacement therapy", "HRT", and "estrogen alone hormone replacement therapy" in conjugation with "mammographic density" and "breast density". An example of the search strategy used in one of the search databases (PubMed) is found in \"[Appendix](#Sec19){ref-type="sec"}\".

Study screening {#Sec5}
---------------

We imported and managed all study citations identified from the search strategy using the Covidence systematic review platform \[[@CR13]\]. Two reviewers (S.A, K.J) independently screened the titles, abstract and reviewed the bibliography of articles found through electronic search engines for eligibility. Two pairs of co-authors reviewed all the abstracts. Disagreements occurred in less than 5% of all articles; any disagreements were discussed until consensus was reached.

Review protocol {#Sec6}
---------------

The protocol used in this systematic review was created in accordance with the Preferred Reporting Items for Systematic reviews and Meta-Analyses 2009 (PRISMA) statement and flowchart was used \[[@CR14]\]. Supplementary Table [1](#Tab1){ref-type="table"} illustrates the PRISMA checklist of this systematic review. Furthermore, in this literature review, quality of each eligible study was assessed using the Oxford Centre for Evidence-based Medicine -- Levels of Evidence (OCEBM) hierarchy \[[@CR15]\]. The OCEBM levels is a widely used system, which categories studies into different levels ranging from 1 to 5 based on their study designs; it helps the researcher to evaluate the reported results. In The OCEBM system, levels 1, 2, 3, 4 and 5 represent well-designed and high quality RCTs, prospective and retrospective cohort studies, case--control studies, cross-sectional and case-series studies, and expert opinion or unpublished clinical observations, respectively \[[@CR15]\]. Level 1 is the highest quality and level 5 is the lowest \[[@CR15]\]Table 1Characteristics of epidemiological studies investigating HRT use and mammographic densityAuthor, yearCountryStudy designQuality of study designSample size and characteristicsHRT regimensMD assessmentConfounders included in the final analysisResults/FindingsByrne et al. (2017) \[[@CR18]\]United StatesCase--control3- Cases: 174 women who developed breast cancer- Controls: 733 healthy women- Age range 50--79 years- MD was assessed from mammograms taken prior and one year after randomization of cases and controlsCEP--- Age- Baseline BMI- Clinical center- Age at first birth- Parity- Women assigned to CEP group had a larger and broad distribution of mammographic density change (mean change = 9.7%), whereas women in never HRT users/placebo group exhibited minimal mammographic density change over one year (mean change = − 0.05%)- After adjusting for covariates including baseline density, the difference in mean change in mammographic density between the placebo (− 0.65%, 95% CI = − 1.86 to 0.55) and the CEP users (9.49%, 95% CI = 8.25 to 10.72) treatment arms was statistically significant (*p* \< .001)Olsson et al. (2014) \[[@CR33]\]SwedenCohort2- 619 women with incident breast cancer- Age rage 48--81 years--BI-RADS--- From 214 women with dense breast 106 (49.5%) were HRT users at the time of breast cancer diagnose and 46 (21.5%) were never HRT userCarmona-Sanchez et al. (2013) \[[@CR29]\]SpainCohort2- 165 postmenopausal women- 1-year study follow-up- Estrogen alone- CEP- SEPBI-RADS--- MD increased in 7.9% of women receiving estrogen alone compared to 25.2% women receiving CEP (*p* \< 0.022) during 1 year.- After 5 years of HRT 7.9% of women versus 28.3% of women (*p* \< 0.009) had MD increase, respectively- There was significant statistical difference in women treated with estrogen alone versus those treated with combined HRT- After 5 years of HRT, MD increased 21.8% in women receiving SEP versus 38.8% in those under CEP (*p* \< 0.039)Crandall et al. (2012) \[[@CR20]\]United StatesRCT1- 695 postmenopausal women- Age range 50--79 years- 1-year follow-up study- Estrogen- E + PPMD- Age- Ethnicity (Caucasian, Black, American Indian, Asian Pacific Islander, unknown)- BMI (kg/m^2^, continuous and quartiles)- Gail risk score- At 1-year follow-up the change from baseline in PMD was 1.4% for estrogen alone users and -0.8% for never HRT users- The PMD change for E + P users was 6.3% and for never HRT users was − 0.9%- Changes in PMD were statistically significantly greater among women assigned to active therapy than among women assigned to placebo and were more marked among women assigned to E + P than estrogen alone- The result from this study cannot be assumed to apply to other types, doses, routs of estrogen or progestin therapyCouto et al. (2012) \[[@CR19]\]NorwayCross-section4- 2424 postmenopausal women- Aged 50--69 years- Estrogen- E + PPMD- Age at screening- BMI- Number of children- Age at first childbirth- First-degree family history of breast cancer- Number of years spent in school- PMD was higher (19.6% with 95% CI, 18.3--20.8%) in ever users of HRT compared to never users (16.3 with 95% CI, 15.7--16.8%)- The highest PMD was found in current HRT users (22.6% with 95% CI, 22.1--23.2%), followed by former users (17.7% with 95% CI, 17.2--18.2) and never users (16.3% with 95% CI, 15.7--16.8%)- Current E + P users had a significantly higher PMD 25.4% (24.6--26.1%) than current estrogen users 18.9% (17.6--20.2%) and never HRT users 16.3% (15.7--16.8%)- In this study, MD was measured only once and relied on cross-sectional mean differences between the study groups, rather than changes in density following start of HRT useYaghjyan et al. (2012) \[[@CR35]\]United StatesNested Case--control3- 522 premenopausal women- 599 postmenopausal women- Age ≥ 40 years- Cases: 265 women with high MD- Controls: 860 women low MD--BI-RADS- Parity- Age at first- Child's birth were modeled as categorical with three levels (parity 0,1 --2, ≥ 3 age at first child's birth \< 20, 20 --29, ≥ 30)- Postmenopausal women with history of HRT use had increased odds of higher MD (OR 2.1; 95% CI 1.4--3.3) and compared to postmenopausal women who never used HRT- In this study, due to the lack of racial heterogeneity, 99% were White-non-Hispanic and therefore the findings are limited to one racial groupJeon et al. (2011) \[[@CR32]\]KoreaCross-section4- 516 women with age range between 40--80 years- 284 premenopausal women- 232 postmenopausal--BI-RADS--- Use of HRT was positively related to higher MD, the odds of having dense breasts increased by OR = 2.13 (95% CI; 1.09--4.16) for women who used HRT compared to never HRT usersBoyd et al (2011) \[[@CR17]\]CanadaCase--control3- Case: 1164 women with breast cancer- Control: 1155 women- Age 40 to 70 years--PMD- Age, BMI, Age at menarche- Parity (parous or nonparous), Number of live births- Age at first birth- Age at menopause (except in analysis of premenopausal women)- Breast cancer in first-degree relatives (none, one, two)- Among cases PMD was greater in current than in never HRT users (difference, 6%; *p* \< 0.001) and greater in past users than in never users (difference 3.4%; *p* = 0.03)- Among controls current use of HRT was associated with a slightly greater mean PMD (difference, 1.6%; *p* = 0.26) than in never users, and past users of HRT had lower PMD than never users (difference 3.8%; *p*= 0.01)Chen et al. (2010) \[[@CR30]\]TaiwanCohort2- 467 postmenopausal women- Age 43--69 years- Estrogen- E + PBI-RADS- BMI- Age at menopause- Age at start of HRT- Duration from onsetof menopause to the start of HRT- The duration of HRT use was positively associated with increase in MD (*p* \< 0.001)- Women using E + P, the probability of increased MD was progressively increased as the duration of administration extended (from 7.5% to 22.4%) but not in women who used estrogen alone- Women using E + P for more than 4 years had significant increase in their mean density score, compare with those using only estrogen alone (*p*= 0.013). However, after adjustment for effects of other variables, the association between choices of HRT regimens (E + P vs. estrogen alone) did not reach the significance levelCrandall et al. (2008) \[[@CR21]\]United StatesRCT1- 428 Postmenopausal women- Age range 45--64 years- Estrogen alone- CEP- SEPPMD- Baseline mammographic density- Age- BMI- Change in BMI (12 months minus baseline)- Daily alcohol intake- Parity (none versus 1--2 versus ≥ 3 pregnancies)- Cigarette smoking (current versus not current)- Ethnicity (Caucasian versus not Caucasian)- Physical activity- Age at first pregnancy- The mean serum estrogen sulfate (E1S) level changed after 12 months compare to baseline level was 1.93 ng/mL for estrogen alone users, and the difference was more pronounced in E + P users 2.49 ng/mL (*p* =0.02)- Change in E1S level and change in MD after 12 months were significantly positively correlated (*p* = 0.0001). This is for every 1 nmol/L increase in E1S level at 12 months follow-up, PMD was 1.3% higher. E1S-MD association was more pounced in women taking SEP compare to estrogen alone usersThe increase in PMD was 0.5% (SD, 5.1%) among never HRT users, 1.2% (SD, 7.5%) among estrogen alone users, 4.9% (SD, 8.7%) among SEP users, and 4.7% (SD, 10.8%) among CEP usersChange in PMD was significantly more pronounced among E + P users than estrogen alone usersHarvey et al. (2008) \[[@CR24]\]United StatesCase--control- Case: 28 postmenopausal women using HRT- Controls: matched with 28 postmenopausal women not using HT at the time of breast cancer diagnosis- Age range: 45--84 yearsPMD- Age- HRT status- There was a statistically significant difference in breast density noted between the HRT users and never HRT users groups (*p* \< 0.0001) with a median difference in MD 54% for HRT users and 31% for non-HRT users- Percent fibrous stoma was 7% higher for HRT users compared with non-HRT user; however, the difference was not statistically significant.- Increasing MD in women using HRT was associated with increased fibrous stroma (*p* = 0.02)Duijnhaven et al. (2007) \[[@CR27]\]Nederland and UKCohort2From Netherland- 620 HRT users- 620 never HRT users with- Age range between 49--69 yearsFrom UK- 175 HRT users- 161 never HRT users- Age 51 to 71 years- Estrogen- E + PPMD- Type of HRT use (no HRT use, ET use, combined HRT use, or tibolone use)- Density at first mammogram- Age, BMI- Age at menarche- Parity/age at first full term pregnancy (nulliparous, ≤ 25 years, and ≥ 25 years)- Menopausal status (Premenopausal, perimenopause/postmenopausal)- Family history of breast cancer- Previous oral contraceptive use- Smoking (0, \< 5, 5--15 and ≥ 15 pack-years)- Alcohol consumption- Physical activity (inactive, moderately inactive, moderately active, active)- Study population (Prospect-EPIC/EPIC-Norfolk)- PMD at the first mammogram was lower for never HRT users (37.0%) than for estrogen alone users (39.3%) and E + P (46.1%). The dense area at first mammogram was lower for never HRT users (40.6 cm^2^) than for estrogen alone users (45.9 cm^2^) and E + P users (50.8 cm^2^)- At the second mammogram the absolute mean density was lower for never HRT users (31.7%) than for estrogen alone users (32.6%) and E + P (35.6%). The dense area at the second mammograms was lower for never HRT users (38.08 cm^2^) than estrogen alone users (40.78 cm^2^) and E + P users (41.93 cm2). The median between the first and second mammogram was 3 years- Longer use of HRT (\> 1 year) appeared to have a larger effect on MD than shorter use of HRT (\< 1 year)Aiello et al. (2006) \[[@CR28]\]United StatesCross-section4- 39,296 postmenopausal- Age ≥ 40 years- Estrogen- E + PBI-RADS- Age at mammogram- BMI- Age at first birth (5-year intervals)- Type of menopause (natural, bilateral oophorectomy with or without hysterectomy, hysterectomy only, hysterectomy with unknown oophorectomy, and other)- The Odds of having dense breast increased significantly in current HRT users by OR 1.91 (95% CI, 1.81--2.00) and for former HRT users increased by 1.14 (95% CI, 1.08--1.21) compared to never HRT users- Current E + P users had significant increase in odds of having dense breasts (OR 1.98; 95% CI 1.87--2.09) and estrogen alone users had significant increase in the odds of having dense breasts by (OR 1.71; 95% CI 1.56--1.87) compared to never HRT users- In this study, the study population is largely white, which may limit the generalizability of the results to other raceCrandall et al. (2006) \[[@CR22]\]United StatesRCT1- 875 postmenopausal women- Aged 45 to 64 years- 1-year follow-up study- Estrogen- CEP- SEPPMD- Age- Parity- Age at first pregnancy- BMI- Alcohol intake- Smoking- Ethnicity- Baseline PD- Treatment assignment (Placebo, conjugated equine estrogens, or progestin-containing regimen)- At 12 months mean PMD had significantly increased in SEP and CEP users by 4.6% and 4.4%, respectively- The change in PMD was 4.0% in the progestin-containing arms, and it was significantly higher than that in estrogen alone arm *p* =0.001 and in the placebo arm (*p* \< 0.001)- Mean PMD increased in estrogen alone users after 12 months follow-up by 0.9% compared to placebo arm; however, the result is not significant (*p* =0.25)Boyd et al. (2006) \[[@CR16]\]CanadaCase--control3- 1748 postmenopausal women- Cases: 365 women who had developed invasive breast cancer at least 12 months after the initial screen.- Matched controls: 879 controls- Age ≥ 50 years--PMD- Age, BMI- Age at menarche- Parity- Number of live births - Age at first birth- Age at menopause- Breast cancer in first-degree relatives (0, 1, 2+)- Percent density in the baseline mammogram was among cases greater in current users of hormones that in never users (difference = 5.0%, *p* \< 0.001), but the difference was smaller and no significant in controls (difference = 1.6%, *p* = 0.3)- Average PMD increased significantly with increasing exposure to HRT among cases, but not in controlsTopal et al. (2006) \[[@CR34]\]TurkeyCohort2113 postmenopausal women- Age ≥ 50 years- Estrogen alone- CEP- SEP-BI-RADS\-- In total 26 women showed MD increase after HRT use. At first mammography, 24 women (92.3%) showed increase in MD and in second mammography, 2 women (7.7%) showed MD- 23 women (38.3%) of CEP, 2 women (12.5%) of SEP, and 1 woman (2.7%) of estrogen alone user showed increase in MD- Increase in MD was more common among women with CEP than other groups of HRT (*p* = 0.0009)- Women were examined according to the progestin dose, in the CEP users 60% of women with higher progestin dose (5mg/day) revealed a MD increase, only 16.7 % of women with lower progestin dose (2.5 mg/day) increase MD. The difference between these two groups were statistically significant (*p* \< 0.05)McTieranan et al (2005) \[[@CR26]\]United StatesRCT1- 413 postmenopausal women- Age range 50--79 yearsCEPPMD- Treatment assignment- Mammographic density at baseline and change in density at follow-up- Baseline characteristics (age, body mass index, and race/ethnicity)- Mean PMD was increased by 6.0% at year 1 in CEP but decreased in never HRT users (*p* \< 0.001). After 2 years, the mean changes in PMD increased by 4.9% in CEP group and decreased by 0.8% in never HRT users.- Approximately 75% of the women assigned to CEP group experienced an increase in PMDMarchesoni et al. (2005) \[[@CR4]\]ItalyRCT1- 103 postmenopausal women- Age range 47--56 years- 1- year follow-up studyCEPWolfe--- After 12 months of HRT 16 out to 35 (45.1%) of CEP users had increased in MD compared to never HRT users and results were highly significant (*p* \< 0.001)Heng et al. (2004) \[[@CR25]\]SingaporeCross-section- 29,193 women- Age 45--69 years--PMD- Age- Age at menarche- Menopause- Ever use of OCs or HRT- Smoking- Family history of breast cancer- Height, weight- Parity- Age at first delivery- Menopausal status- History of a breast biopsy- Use of HRT was associated with higher PMD by 4.4% and duration of using HRT was also significantly associated with higher PMD by 0.07% with *p* = 0.001 in age-adjusted analysis but not in multivariate analysis- HRT use was positively associated with increase dense area in breasts by 3.61 (cm^2^) and duration of HRT was associated with increase the dense area by 0.06 (cm^2^) with *p* = 0.01 in age-adjusted analysis but not in multivariate analysisGreendaleet al. (2003) \[[@CR31]\]United StatesRCT1- 571 postmenopausal with- Age range 45--64 years- Estrogen- SEP- CEPBI-RADS- Mammographic percentdensity at baseline- BMI- Daily grams of alcohol consumed- Cigarette smoking- Levels of physical activity- 12-month change in BMI- Randomization and blocking variable (i.e., clinic site and hysterectomy status)-After 12 months follow-up the absolute mean changes in MPD were observed in CEP and SEP users; 4.76% (95% CI 3.29--6.23%) and 4.58% (95% CI 3.19--5.97%) respectively. No changes in MD was observed in estrogen users compared to never HRT users-A modest 3--5% increase in MPD was observed among women who were treated with combination HRT and those increases did not differ by progestin formulation or scheduleGapstur et al. (2003)\[[@CR23]\]United StatesCross-section4- 296 Hispanic women- Age range ≥ 40 years- Premenopausal women (*n* = 105)- Postmenopausal women (*n* = 191)--PMD--- PMD was significantly higher for postmenopausal women who currently use HRT compared to never/past users; this difference was 3.3% (*p* = 0.03)Christodoulakos et al. (2003) \[[@CR36]\]GreeceCohort2- 121 postmenopausal women- Age 38--66 years- 1-year follow-up study- Estrogen alone- CEPWolfe\-- MD did not increase in never HRT users after 12 months of follow-up. Two women (8%) in estrogen alone group showed an increase in MD- Four women (11.8%) in CEP group showed increase in MD. The results suggested that HRT may suspend breast involution but does not increase MD in majority of women. In the minority of patients who show a density increase, the magnitude of this increase varies according to the regimen used

Data extraction {#Sec7}
---------------

Data extraction included the information about author and year of publication, country, study design, quality of study design, sample size and characteristics of the participants, HRT regimens, MD assessment, confounders included in the final analysis, final results and findings are included in Table [1](#Tab1){ref-type="table"} from each study. The term "progestin" has been used to replace all progesterone synthetic names, such as progestogen and progesterone.

Results {#Sec8}
=======

Study characteristics {#Sec9}
---------------------

The initial search identified 6676 articles. Of these, 6331 were removed due to duplication. Of the remaining 345 articles, 250 were excluded as not relevant based on thorough review of titles and abstracts, and 95 were preselected for further evaluation. Of the 95 remaining articles, 72 did not fulfill the inclusion criteria (Fig. [1](#Fig1){ref-type="fig"}). Thus, only 22 articles published between 2002 and 2019 (6 cohort, 6 RCT, 5 case--control and 5 cross-sectional studies) were selected. These 22 studies were conducted in North America (*n* = 12), Europe (*n* = 6), and Asia (*n* = 4) (Table [1](#Tab1){ref-type="table"}).Fig. 1Flow chart of the search and selection process for articles included in the systematic review

In all 22 included studies, at least one of the three main methods of MD assessment (PMD, BI-RADS and Wolfe) was used. 12 studies used PMD \[[@CR16]--[@CR27]\], 8 studies used BI-RADS \[[@CR28]--[@CR35]\], and 2 studies assessment MD according to the Wolfe criteria \[[@CR4], [@CR36]\].

State of HRT exposure and MD {#Sec10}
----------------------------

### Ever and never HRT users {#Sec11}

From all 22 studies, there were *n* = 12 (54.5%) which investigated the association between ever and never use of HRT and MD \[[@CR4], [@CR20]--[@CR22], [@CR26], [@CR27], [@CR31]--[@CR33], [@CR36]\]. All these studies reported a significant increase in MD among ever HRT users compare to never users; however, the results from two studies did not reach the statistical significance (Table [1](#Tab1){ref-type="table"}) \[[@CR22], [@CR25]\]. In a RCT of 695 postmenopausal women, at 1-year follow-up the PMD change from the baseline was 1.4% for estrogen users and -0.8% for placebo group with a significant increase in MD among women assigned to HRT than women assigned to placebo \[[@CR20]\]. In a case--control study, Harvey et al. showed that there is a statistically significant difference in MD among HRT ever and never users groups (*p*-value \< 0.001) with a median difference in MD 54% for ever HER users and 31% for never users. They reported that percent fibrous stroma was 7% higher for ever users compared to never users; however, the result was not statistically significant \[[@CR24]\]. In another case--control study, Jeon et al. found positive association between HRT and MD. The odds of having dense breasts increased by 2.13; 95% CI (1.09--4.16) for women who used HRT compared to never users \[[@CR32]\].

### Former, current and never HRT users {#Sec12}

Five studies examined the association between HRT use and MD among former, current and never HRT users \[[@CR16], [@CR17], [@CR19], [@CR23], [@CR28]\]. Three studies showed that MD increased in current HRT users compared to former and never users. Aiello et al. in a cross-sectional study of 39,296 women reported that odds of having high MD increased significantly in women who were the current HRT users (OR 1.91; 1.81--2.00) and former (OR 1.14; 1.08--1.21) as compared to never users \[[@CR28]\]. Couto et al. have in a cross-sectional study of 2,424 postmenopausal women found that PMD was highest in current HRT users followed by former and never users with breast densities of 22.6%, 17.7%, and 16.3%, respectively \[[@CR19]\]. Additionally, Gapstur et al. in a small cross-sectional study of 296 Hispanic women found that mean PMD was significantly higher in current HRT users than in former and never HRT users: 18.2%, 14%, and 14% (*p-value* = 0.02), respectively \[[@CR23]\].

In a case--control study Boyed et al. showed that mean PMD among cases was greater in current HRT users than in never users (difference, 6%; *p-value* \< 0.001) and greater in former users than never users (difference, 3.4% *p-value*0.03). Among controls, current use of HRT was associated with a slightly greater mean PMD; however, the results were not statistically significant \[[@CR17]\]. In another case control study, Boyd et al. found that among cases, mean PMD was greater in current (25.1%) and former (28.1%) HRT users than in never users (30.7%; *p-value* \< 0.001). However, among controls the results were not statistically significant \[[@CR16]\].

Finally, a study which examined the effect of HRT on MD among postmenopausal women who previously used HRT and women who never used HRT and that postmenopausal women with history of HRT use had increased odds of having higher MD (OR 2.1; 1.4--3.3) compared to never HRT users \[[@CR35]\].

HRT regimens and MD {#Sec13}
-------------------

Different HRT regimens were addressed in 14 (63.6%) studies \[[@CR4], [@CR18]--[@CR22], [@CR26]--[@CR31], [@CR34], [@CR36]\]. Five studies compared the effect of estrogen alone and E + P on MD \[[@CR19], [@CR20], [@CR27], [@CR28], [@CR30]\], six studies compared the effect of estrogen alone, CEP, and SEP regimens on MD \[[@CR21], [@CR22], [@CR29], [@CR31], [@CR34], [@CR36]\]. Finally, three studies assessed the effect of CEP use on MD compared to never HRT use \[[@CR4], [@CR18], [@CR26]\] (Table [1](#Tab1){ref-type="table"}).

### Estrogen alone versus E + P {#Sec14}

The results from all five studies showed that E + P users had higher MD compared to estrogen alone users \[[@CR19], [@CR20], [@CR27], [@CR28], [@CR30]\]. In a RCT of 695 postmenopausal women, Crandall et al. found that at 1-year follow-up changes in PMD were statistically greater among women assigned to E + P than women assigned to estrogen alone (*p-value* = 0.001) \[[@CR20]\]. A cohort study of 1240 postmenopausal women showed that PMD at the first and second mammograms were higher in E + P users than in estrogen alone and never HRT users \[[@CR27]\]. Additionally, in a large cross-sectional study of 39,296 postmenopausal women, Aiello et al. reported that current E + P users had significantly increased odds of having dense breasts (OR 1.98; 1.87--2.09) followed by estrogen alone users (OR 1.71, 1.95--1.87) compared to never HRT users \[[@CR28]\]. Couto et al. have in a cross-sectional study showed that current E + P users had significantly higher PMD (25.4%) than current estrogen (18.9%) and never users (16.3%) \[[@CR19]\]. Finally a small retrospective study of 467 postmenopausal study showed that women using E + P more than 4 years had significantly higher mean MD compared to women who used estrogen only *(p-value* = 0.01); however, after adjustment for other variables the association between MD and HRT regimens diminished \[[@CR30]\].

### Estrogen alone versus CEP and SEP {#Sec15}

From six studies which compared the association between estrogen alone, CEP, and SEP regimens on MD \[[@CR21], [@CR22], [@CR29], [@CR31], [@CR34], [@CR36]\], four studies showed that CEP users had significantly higher MD compared to SEP and estrogen alone users \[[@CR29], [@CR31], [@CR34], [@CR36]\]. In a RCT study of 571 postmenopausal women randomly assigned to receive placebo, daily estrogen alone, SEP, or CEP, after 12 months of follow-up the absolute mean increase in PMD was observed in CEP and SEP users; 4.76% and 4.48%, respectively. No changes in MD were observed in estrogen alone users compared to never HRT users \[[@CR31]\]. Additionally, in a retrospective study of 113 of healthy postmenopausal women, Topal et al. showed that 38.3% of CEP users, 12.5% of SEP users and 2.7% of estrogen alone users had increased in MD. Increase in MD was more pronounced among CEP users than other regimens of HRT (*p-value* = 0.009) \[[@CR34]\]. Finally, Carmona-Sanchez et al. reported that after 5 years of HRT use, MD increased significantly in 21.8% women receiving SEP versus 38.8% of women receiving CEP (*p-value* = 0.039) \[[@CR29]\].

Two studies showed that SEP users had slightly higher MD compared to CEP and estrogen alone users. In a RCT study by Crandall et al. at 12 months, PMD was significantly increased in SEP users by 4.6% and in CEP users by 4.4% \[[@CR22]\]. In another RCT by Crandall et al. increase in PMD was 1.2% among estrogen users, 4.7% among CEP users, and 4.9% among SEP users \[[@CR21]\].

### CEP users versus never HRT users {#Sec16}

Three studies addressed the increase in MD among CEP users compared to never HRT users. In a RCT study of 103 postmenopausal women, after 12 months 45.1% of CEP users had increased in MD, whereas no changes was observed among never HRT users. The difference between CEP users and never users were statistically significant (*p-value* \< 0.001). In another RCT study of 413 postmenopausal women, McTiernan et al. reported an increase in mean PMD by 6% and decrease in MD in placebo group (*p-value* \< 0.001) after 1-year follow-up. Finally a case--control study by Byrne et al. showed that women assigned to CEP group had a larger and boarder distribution of MD change (mean change = 9.49%) compared to women in never HRT/placebo group. Women assigned to placebo group experienced decrease in MD over 1 year (mean change = − 0.65%) after adjusting for possible confounders \[[@CR18]\].

Discussion {#Sec17}
==========

Our review is the first to systematically investigate the association between HRT and MD, comparing different status of HRT exposure and MD, and finally reporting the effect of different HRT regimens on MD. A consistent finding in the literature is that MD was increased in ever HRT users compared to never users. Furthermore, the highest increase in MD was observed in current HRT users compared to never users \[[@CR16], [@CR17], [@CR19], [@CR23], [@CR28]\]; in line with previous studies published before 2003 \[[@CR37], [@CR38]\]. Marugg et al. found that, compared to never HRT users, 14.3% of women using HRT showed an increase in MD \[[@CR37]\]. Another study concluded that current HRT users were more than twice as likely to have higher MD as never users (OR 2.48; 1.32--4.16) \[[@CR38]\].

All selected studies which compared the effect of estrogen alone and E + P on MD showed that E + P users had a higher MD compared to estrogen alone users \[[@CR19], [@CR20], [@CR27], [@CR28], [@CR30]\]. Similar to this result, previous studies showed a strong positive association between E + P use and increase in MD \[[@CR37], [@CR39]\]. According to Marugg et al. 31% of women treated with E + P showed an increase in MD compared with only 8.7% in the group treated with estrogen alone \[[@CR37]\]. Vachon et al. found that odds of having higher MD increased in women using E + P by 1.9 compared to women using estrogen alone \[[@CR39]\].

Among the studies which provided data on the sub-type of HRT regimens (CEP, SEP and estrogen alone), four studies reported that women who used CEP, where both estrogen and progestin are taken daily, had higher MD than women who used SEP, where estrogen is used daily but progestin is taken only during a certain time of the month and estrogen alone users \[[@CR29], [@CR31], [@CR34], [@CR36]\]. These results are in agreement with the results from other studies that examined the association between HRT and MD with respect to sub-types HRT regimens \[[@CR40], [@CR41]\]. In a Swedish study of 31,498 women, Persson et al. has found that MD was significantly increased in 28% of CEP users, 10% of SEP and 5% of estrogen alone users \[[@CR41]\]. Another Swedish study by Lundstrom et al. reported that MD was greater among CEP users (52%) than SEP users (13%), estrogen alone users (18%) over 2 years of follow-up \[[@CR40]\]. However, two studies showed that SEP users had slightly higher MD compared to CEP and estrogen alone users \[[@CR21], [@CR22]\]. It is important to mention that, different HRT regimens influence MD change differently but the mechanism for MD change among CEP and SEP users remain to be unclear. Lundstrom et al. claimed that the inconsistent result on the association between CEP and SEP users with MD maybe due to variation in progestin components, dosage, and duration of administration \[[@CR40]\].

The biological explanation in increasing MD with respect to HRT use is not yet fully understood. However, one established hypothesis to explain the increase of MD in relation to use of HRT is based on the breast cell proliferation theory. In menstruating women, it has been observed that breast epithelial cell proliferation is increasing due to high levels of estrogen and progestin \[[@CR42]\]. In a cross-sectional study of 56 pre- and 86 postmenopausal women, Hofseth et al. found that, use of HRT especially E + P is associated with higher level of breast epithelial cell proliferation in post- and premenopausal women compared to never HRT users \[[@CR43]\]. Breast epithelial cell proliferation is also known as epithelial hyperplasia which defines as abnormal growth and accumulation of cells that line the ducts or the lobules in the breasts \[[@CR44]\]. Hofseth et al. also found that breast epithelial cell density was significantly higher in women using HRT, especially in E + P users than estrogen alone and never HRT users \[[@CR43]\]. Another hypothesis to explain the association between increasing MD with respect to use of E + P is the stromal oedema theory. Stroma is the major tissue in the breasts therefor any changes in MD primarily reflect alteration of the stroma architecture and composition \[[@CR44]\]. Longacre et al. found that stromal oedema is greater in the luteal phase of menstrual cycle which progestin is the main hormone associated with this stage \[[@CR45]\]. Therefore receiving E + P should lead to greater MD than estrogen alone.

To our knowledge, this is the first systematic review, which studied not only the effect of different states of HRT exposure on MD but also the effect of different HRT regimens on MD. Strengths of our study are all studies included in this review appropriately reported their study design (RCT, cohort, case--control, and cross-sectional), inclusion criteria, and sampling methods. Sample size was quite large in observational studies and adequate samples were also reported in several RCT studies. Ethical considerations were reported according to the international standards in 18 papers \[[@CR4], [@CR16]--[@CR24], [@CR26]--[@CR28], [@CR31]--[@CR33], [@CR35], [@CR36]\]. Most of studies addressed potential confounders, biases and a discussion of limitations. To minimize bias, in this review we used PRISMA checklist and follow chart to ensure transparency and completeness of the reporting (Supplementary material 1). In addition, we assess the quality of each eligible study based on their study designs using the OCEBM hierarchy. Another important strength of this review is that the results can be generalized since the selected studies were from different geographical regions (North America, Europe, and Asia) and these studies presented diverse ethnic groups (Asian, Hispanic, and White). Finally, this review included only peer-reviewed studies, since including unpublished and gray literature increase the risk of publication bias due to the absence of peer-review and low methodological quality. Moreover, the authors did not include their personal opinion or prior knowledge during the review process in order to avoid publication bias.

There are some limitations regarding the studies included in this review. By far the most common limitations mentioned in included studies were; misclassification in the assessment of MD, small sample size, unknown HRT composition, and lack of racial heterogeneity. Other limitations regarding this study are the search for the qualified articles was conducted only in English language, only articles that were accessible electronically were included, and this review found studies with different methodological designs, sample size and demographic factors, therefore due to methodological heterogeneity between studies included in this review it was not possible to conducted a meta-analysis.

Conclusions {#Sec18}
===========

In conclusion, this review showed that MD significantly increased in ever HRT users compared to never users with highest increase in MD among current HRT users. Furthermore, this review found that E + P users had a higher MD compared to estrogen alone users. Results with regards to HRT regimens and MD showed that CEP users had the highest increase in MD followed by SEP users and estrogen alone.

The findings from this systematic review on the association between HRT use and MD can be used in primary prevention of breast cancer incidence as well as secondary prevention of false-negative diagnosis of small tumours. From the primary prevention perspective, our results suggest that the use of HRT should be minimized at the lowest does needed for as short time as possible. In addition, from the secondary prevention perspective, women who are current HRT users and increase in MD is detected by mammography screening may require additional screening procedures, shorter screening intervals, and using advanced imaging techniques such as MRI/ultrasound for detecting small tumours.

Electronic supplementary material {#Sec21}
---------------------------------

Below is the link to the electronic supplementary material.Supplementary file1 (DOCX 15 kb)

Appendix {#Sec19}
========

An example of the search strategy used in one of the search databases.

Search strategy for PubMed {#Sec20}
==========================

**Restriction used:** English Language, year July 2002 to 2019Search (hormone replacement therapy) and mammographic density(Hormone replacement therapy) and breast density(Postmenopausal hormone replacement therapy) and mammographic density(Postmenopausal hormone replacement therapy) and breast density(Estrogen-progestin hormone replacement therapy) and mammographic density(Estrogen-progestin hormone replacement therapy) and breast density(Combined hormone replacement therapy) and mammographic density(Combined hormone replacement therapy) and breast density(HRT) and mammographic density(HRT) and breast density(Estrogen alone hormone replacement therapy) and mammographic density(Estrogen alone hormone replacement therapy) and breast density.

BI-RADS

:   Breast imaging reporting and data system

CEP

:   Continues estrogen plus progestin

E + P

:   Estrogen plus progestin

HRT

:   Hormone replacement therapy

MD

:   Mammographic density

MWS

:   Million women study

OCEBM

:   Oxford center for evidence-based medicine

PMD

:   Percent mammographic density

PRISMA

:   Preferred reporting items for systematic reviews and meta-analyses

RCT

:   Randomized controlled trial

SEP

:   Sequential estrogen plus progestin

WHI

:   Women's health initiative

**Publisher\'s Note**

Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.

Open access funding provided by Karolinska Institute.

This study received funding from "University of Southern Denmark -- School of Public Health" The funding had no role in the study design, data collection and data interoperation, in writing of the manuscript or in the decision to submit the manuscript for publication. The authors declare that they have no conflict of interest.

This article does not contain any studies with human participants performed by any of the authors.

The authors declare that have no conflict of interest

As this study was a systematic review and we did not involve contact with individual women it was not applicable for informed consent to be obtained.
